55
The EMC was originally discovered in a genetic screen for yeast mutants modulating the unfolded 56 protein response (UPR) (Jonikas et al., 2009 ). Genetic interaction mapping and biochemical 57 purification revealed a six-subunit core complex (EMC1-6) conserved in yeast and mammals 
64
Here, we investigated how the mosquito-borne flaviviruses, DENV, ZIKV and WNV, depend on 65 the EMC during infection. We showed that the EMC was required for DENV polyprotein 66 biogenesis and identified a segment spanning NS4A-4B as the region dependent on the EMC for 67 stable expression. Absence of the EMC resulted in post-translational degradation of viral proteins.
68
Together, our data highlights how flaviviruses hijack important machinery for TM protein 69 biogenesis to achieve optimal expression of their polyproteins, which reinforces a role for the EMC 70 in stabilizing challenging TM proteins during synthesis.
72

Results
73
To validate the enrichment of EMC components in the flavivirus CRISPR screens, we generated 74 isogenic EMC subunit KO cell lines in Huh7.5.1 and HEK293FT, two cell types that were used for 75 the genetic screens ( Figure S1A ). Upon infection with DENV expressing Renilla luciferase
76
(DENV-Luc), we measured a ~10,000-fold reduction in viral replication in Huh7.5.1 EMC1-6 KO 77 cells ( Figure 1A ) and a 10-1,000-fold reduction in HEK293FT EMC1-5 KO cells ( Figure 1B ). Lastly, we tested the effect of EMC4 KO on several flaviviruses and saw a significant 84 decrease of viral RNA for DENV, WNV and ZIKV but not hepatitis C virus (HCV), which is a more 85 distantly related member of the Flaviviridae family ( Figures 1D and S1D ). This is congruent with 86 results of an HCV CRISPR screen that did not identify the EMC as a critical host factor (Marceau 87 et al., 2016) . This finding highlights that there is a specific, evolutionarily conserved dependency 88 on the EMC among mosquito-borne flaviviruses and not a universal disruption of trafficking to 89 and/or translation or replication at the ER membrane, which would affect a wider range of viruses.
91
Next, we sought to determine at which step of the viral life cycle the EMC is required. As the EMC
92
is important for the expression of a large set of TM proteins, its disruption leads to an altered cell 93 surface proteome, which may affect viral entry. We measured effects on viral uptake in WT and 94 EMC4 KO cells by quantifying the amount of internalized viral RNA at 2 and 6 hours post-infection
95
(hpi), where we did not observe a difference (Figure 2A ). Only at 24hpi, a timepoint when viral 96 replication had occurred, was a difference in RNA load evident between WT and EMC4 KO cells.
97
Furthermore, we used a DENV replicon expressing luciferase, which bypasses entry and does 98 not produce viral particles, thus allowing the analysis of the effect of EMC KO specifically on 99 translation and replication. In this assay, we saw decreased luminescence in EMC4 KO cells 100 starting at 12 hours post-electroporation suggesting that the EMC is important during or prior to 101 viral replication ( Figure 2B ). We additionally performed the replicon assay in the presence of MK-102 0608, a nucleoside analogue that inhibits the viral polymerase (Chen et al., 2015) , and observed 103 that the luminescence signal in EMC4 KO cells was lower than in replication-inhibited WT cells suggesting that deletion of EMC has an effect on viral translation, which happens prior to 105 replication ( Figure S2A 
135
Instead, we observed that DENV RNA was among the highest translated (top 0.1%) mRNAs in 
139
KO cells, indicating that synthesis of full-length polyprotein still occurred ( Figure S3B ). Therefore,
140
we concluded that translation of DENV polyproteins is not strongly impacted by loss of EMC,
141
which led us to explore potential post-translational defects. 
150
Together, this suggests that in the absence of EMC viral proteins are still translated but are unable 151 to achieve a stable conformation resulting in their degradation and inability to establish efficient 152 replication.
154
For cellular multi-pass client proteins, such as transporters and GPCRs, the EMC co-
155
translationally engages with specific TMDs in order to support insertion into the membrane and allow stable expression of the entire TM protein (Chitwood et 
159
we utilized a dual-color fluorescent reporter as previously described (Chitwood et al., 2018) . The
160
C terminus of different segments of the DENV polyprotein was fused to eGFP followed by a viral
161
T2A sequence and mCherry (G2C) ( Figure 4A ). Translation of the fusion constructs generates 162 two protein products at a 1:1 ratio due to peptide bond skipping by the ribosome at the T2A site: 
172
Similar results were obtained in HEK293FT ( Figure S4 ). NS4A has 3 TMDs with the third (termed 
186
In a second, orthogonal approach, we performed viral adaptation to evolve EMC-independent 187 DENV mutants by passaging the virus consecutively on EMC4 KO Huh7.5.1 cells every 3-4 days.
188
After 20-22 passages we observed cell death in 3 out of 6 independent adaptation experiments.
189
Sequencing of RNA extracted from supernatant and alignment to the WT16681 DENV genome 
207
individually restored DENV replication in EMC4 KO cells to 30 and 86% of WT levels, respectively, the double mutant displayed complete rescue of viral growth ( Figure 5C ). We also introduced the 209 two adapted mutations into NS4A-5-G2C, which showed increased stability in EMC4 KO cells 210 compared to the WT construct thus reverting the molecular destabilization phenotype ( Figure 5D ).
211
Remarkably, the G2C fluorescence assay and viral adaptation independently pinpointed NS4A- 
212
273
The A6665G mutation is predicted to be in a TM helix of NS4A but A7558T is not in a TM region 
278
The OST complex has been shown to be important for RNA genome replication in a catalytically 279 independent function and was suggested to act as structural scaffold for viral replication 
344
NS2B, NS3 and NS5) and GAPDH was used as loading control. UI=uninfected control; L=ladder.
345
Quantification of bands is shown in Figure S2B . 
359
The DENV transcript is highlighted in red. The red line represents fold-change of TE=1.
360
(C) Ribosome Profiling (Ribo-seq) and RNA-seq were performed in DENV-infected WT and
361
EMC4-KO HEK293FT cells 44h post-infection to measure changes in translation efficiency (TE).
362
The DENV transcript is highlighted in red. The red line represents fold-change of TE=1. 
375
The GFP:mCherry fluorescence ratio reflects changes in DENV protein stability. 
532
Replicon RNA was generated using the MEGAscript T7 Kit (Invitrogen) with the reaction 
626
Distributions of fluorescence ratios were plotted as histograms using GraphPad Prism 8.
2-fold dilutions for the first 3 passages, then stepwise increase of dilutions to 100-fold for the final 632 passages). Six independent passaging experiments were started and cytopathic effects were 633 observed in three of the replicates after approximately 20-22 passages. Supernatant was then 634 harvested, filtered through a 0.45 um filter to remove cellular debris, and RNA was extracted using
635
Trizol LS and Direct-Zol kit (Zymo). Additionally, RNA was extracted from WT DENV stock. To 636 prepare sequencing libraries, Truseq stranded total RNA Gold library kit (Illumina) was used.
637
Isolated RNA was fragmented for 4min at 94C without prior Ribo-Zero depletion, followed by first 
651
Generation of EMC adapted DENV-Luciferase
